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(57) A GaN layer 31 is subjected to etching, so as 
to form an island-like structure having, for example, a 
dot, stripe, or grid shape, thereby providing a trench/me- 
sa structure including mesas and trenches whose bot- 
toms sink into the surface of a substrate base 1 . Sub- 
sequently, a GaN layer 32 is lateral-epitaxially grown 
with the top surfaces of the mesas and sidewalls of the 
trenches serving as nuclei, to thereby fill upper portions 
of the trenches (depressions of the substrate base 1). 
and then epitaxial growth is effected in the vertical di- 
rection. In this case, propagation of threading disloca- 
tions contained in the GaN layer 31 can be prevented 
in the upper portion of the GaN layer 32 that is formed 
through lateral epitaxial growth. Thereafter, the remain- 
ing GaN layer 31 is removed through etching, together 
with the GaN layer 32 formed atop the GaN layer 31, 
and subsequently, a GaN layer 33 Is lateral-epitaxialiy 
grown with the top surfaces of mesas and sidewalls of 
trenches serving as nuclei, the mesas and trenches be- 
ing formed of the remaining GaN layer 32, thereby pro- 
ducing a GaN substrate 30 in which threading disloca- 
tions are considerably suppressed. When the area of a 
portion of the GaN layer 31 at which the GaN substrate 
30 is in contact with the substrate base 1 Is reduced, 
separation of the GaN substrate 30 from the substrate 



base 1 is readily attained. 
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Description 

Technical Field 

[0001] The present Invention relates to a method for 5 
fabricating Group III nitride compound semiconductor 
substrates. More particularly, the present Invention re- 
lates to a method for fabricating Group III nitride com- 
pound semiconductor substrates employing epitaxial 
lateral overgrowth (ELO). Like the case of semlconduc- io 
tor substrates produced by methods other than the 
method of the present invention, the Group III nitride 
compound semiconductor substrate produced by the 
method of the present Invention Is useful for forming a 
semiconductor device. The Group III nitride compound is 
semiconductors are generally represented by 
AI^Gayln^.x.yN (wherein 0<x<1,0<y<1, and 0 < x + 
y < 1), and examples thereof include binary semicon- 
ductors such as AIN, GaN, and InN; ternary semicon- 
ductors such as Ai^Ga^.^N, Ai^ln^.^N, and Ga^ln^.^N 20 
(wherein 0 < x < 1); and quaternary semiconductors 
such as AI^Gayln^j.^.yN (wherein 0<x<1,0<y<1, and 
0<x + y<1). In the present specification, unless oth- 
erwise specified, "Group III nitride compound semicon- 
ductors" comprise Group III nitride compound semicon- 25 
ductors which are doped with an impurity so as to get 
p-type or n-type conductivity. 

Background Art 

30 

[0002] Group III nitride compound semiconductor are 
direct-transition type of semiconductors exhibiting a 
wide range of emission spectra from UV to red light 
when used in a device such as a light-emitting device, 
for example, light-emitting diodes (LEDs) and laser di- 35 
odes (LDs). In addition, due to their wide band gaps, 
devices employing the aforementioned semiconductors 
are expected to exhibit reliable operational characteris- 
tics at high temperature as compared with those em- 
ploying semiconductors of other types, and thus appli- 40 
cation thereof to transistors such as FETs has been en- 
ergetically studied. Moreover, because Group III nitride 
compound semiconductors contain no arsenic (As) as 
a predominant element, application of Group III nitride 
compound semiconductors to various semiconductor 45 
elements has been expected from the environmental 
aspect. Generally, these Group III nitride compound 
semiconductors are formed on a sapphire substrate. 

Disclosure of the Invention 50 

[0003] However, when a Group III nitride compound 
semiconductor is formed on a sapphire substrate, misfit- 
Induced dislocations occur due to difference between 
the lattice constant of sapphire and that of the semicon- 55 
ductor, resulting in poor device characteristics. Misfit- 
induced dislocations are threading dislocations which 
penetrate semiconductor layers in a longitudinal direc- 
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tion (i.e., in a direction vertical to the surface of the sub- 
strate), and Group III nitride compound semiconductors 
are accompanied by the problem that dislocations in 
amounts of approximately 10^ cm-^ propagate there- 
through. The aforementioned dislocations propagate 
through layers formed from Group III nitride compound 
semiconductors of different compositions, until they 
reach the uppermost layer. When such a semiconductor 
is incorporated in, for example, a light-emitting device, 
the device poses problems of unsatisfactory device 
characteristics in terms of threshold current of an LD, a 
life time of an LED or LD, etc. On the other hand, when 
a Group III nitride compound semiconductor Is Incorpo- 
rated In any of other types of semiconductor devices, 
because electrons are scattered due to defects In the 
Group III nitride compound semiconductor, the semi- 
conductor element comes to have low mobility. These 
problems are not solved even when another type of sub- 
strate is employed. 

[0004] The aforementioned dislocations will next be 
described with reference to a schematic representation 
shown in FIG. 9. FIG. 9 shows a substrate 91, a buffer 
layer 92 formed thereon, and a Group III nitride com- 
pound semiconductor layer 93 further formed thereon. 
Conventionally, the substrate 91 is formed of sapphire 
or a similar substance and the buffer layer 92 is formed 
of aluminum nitride (AIN) or a similar substance. The 
buffer layer 92 formed of aluminum nitride (AIN) Is pro- 
vided so as to relax misfit between the sapphire sub- 
strate 91 and the Group III nitride compound semicon- 
ductor layer 93. However, generation of dislocations Is 
not reduced to zero. Threading dislocations 901 propa- 
gate upward (in a vertical direction with respect to the 
substrate surface) from dislocation initiating points 900, 
penetrating the buffer layer 92 and the Group III nitride 
compound semiconductor layer 93. When a semicon- 
ductor device is fabricated by laminating various types 
of Group III nitride compound semiconductors of interest 
on the Group Mi nitride compound semiconductor layer 
93, threading dislocations further propagate upward, 
through the semiconductor device, from dislocation ar- 
rival points 902 on the surface of the Group III nitride 
compound semiconductor layer 93. Thus, according to 
conventional techniques, problematic propagation of 
dislocations cannot be prevented during formation of 
Group III nitride compound semiconductor layers. 
[0005] There have been proposed techniques in 
which a thick Group III nitride compound semiconductor 
layer Is formed on a substrate base formed of a com- 
pound different from a Group 111 nitride compound, and 
subsequently the substrate base is removed, to thereby 
produce a Group III nitride compound semiconductor 
substrate. Such techniques Include a technique called 
ELO or Pendeo ELO. However, the aforementioned 
techniques have not been put into practice, since diffi- 
culty is encountered in removing a Group III nitride com- 
pound semiconductor substrate from the substrate 
base. 
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[0006] The present invention has been accomplished 
in an attempt to solve the aforementioned problems, and 
an object of the present Invention is to provide a con* 
venlent method for fabricating a Group III nitride com- 
pound semiconductor substrate with suppressed gen- 5 
eratlon of threading dislocations. Another object of the 
present Invention is to provide a semiconductor device 
Including the Group III nitride compound semiconductor 
substrate with suppressed generation of threading dis- 
locations. ^0 
[0007] In order to solve the aforementioned problems, 
the Invention drawn to a first feature provides a method 
for fabricating a Group III nitride compound semicon- 
ductor substrate through epitaxial growth of a Group III 
nitride compound semiconductor layer on a substrate i5 
base, followed by removal of the substrate base, which 
method comprises a step of forming an underlying layer 
on a substrate base, the underlying layer comprising at 
least one Group III nitride compound semiconductor lay- 
er, and the uppermost layer of the underlying layer being 20 
a first Group ill nitride compound semiconductor layer; 
a first trench/mesa formation step in which at least a por- 
tion of the underiying layer and at least a portion of the 
surface of the substrate base are removed through etch- 
ing so as to form an Island-like structure having, for ex- 25 
ample, a dot, stripe, or grid shape, thereby providing a 
trench/mesa structure Including mesas formed on the 
underlying layer and trenches whose bottoms sink Into 
the surface of the substrate base; a first lateral epitaxial 
growth step in which a second Group III nitride com- 30 
pound semiconductor layer Is epitaxlally grown, vertical- 
ly and laterally, with top surfaces of the mesas and side- 
walls of the trenches serving as nuclei for crystal growth, 
i.e., seeds for crystal growth, the mesas and trenches 
being formed by etching of the first Group III nitride com- 35 
pound semiconductor layer so as to form an island-like 
structure having, for example, a dot, stripe, or grid 
shape, thereby filling upper portions of the trenches and 
covering the mesas; a second trench/mesa formation 
step in which the entire underiying layer that has not un- 40 
dergone etching in the first trench/mesa formation step, 
excepting a portion of the underiying layer. Is removed 
by etching, together with the second Group III nitride 
compound semiconductor layer formed on the underly- 
ing layer, and at least a portion of the surface of the sub- 45 
strate base, so as to provide a trench/mesa structure 
including mesas formed on the remaining second Group 
ill nitride compound semiconductor layer and trenches 
whose bottoms sink into the surface of the substrate 
base; a second lateral epitaxial growth step in which a so 
third Group III nitride compound semiconductor layer Is 
epitaxlally grown, vertically and laterally, with top surfac- 
es of the mesas and sidewalls of the trenches serving 
as nuclei for crystal growth. I.e., seeds for crystal 
growth, the mesas and trenches being formed through 
etching of the second Group III nitride compound sem- 
iconductor layer, thereby filling upper portions of the 
trenches and covering the mesas; and a step of remov- 
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ing the substrate base and the underlying layer which 
has not been removed In the second trench/mesa for- 
mation step, to thereby produce a substrate comprising 
the second and third Group III nitride compound semi- 
conductor layers. In the present specification, the term 
"underiying layer" Is used to collectively comprise a 
Group III nitride compound semiconductor single layer 
and a multi-lamellar layer containing at least one Group 
III nitride compound semiconductor layer. The expres- 
sion "island-like structure" conceptually refers to the pat- 
tem of the upper portions of the mesas formed through 
etching, and does not necessarily refer to regions sep- 
arated from one another. Thus, the upper portions of the 
mesas may be continuously connected to one another 
over a considerably wide area, and such a structure may 
be obtained by forming the entirety of a wafer into stripes 
or grids. The sidewall/sidewalls of the trench refer not 
only to planes that are vertical to the substrate plane 
and the surface of a Group III nitride compound semi- 
conductor layer, but also to oblique planes. The trench 
may have a V-shaped cross section; I.e., the trench may 
have no bottom surface. The expression "filling upper 
portions of the trench" does not necessarily refer to the 
case where the upper portions are completely filled so 
as to provide no space, and a space may be provided. 
Examples of such a space Include a space generated 
through Incomplete grov^^h of a Group III nitride com- 
pound semiconductor layer as a result of insufficient 
feeding of a raw or source material to epitaxial growth 
fronts starting from the sidewalls of the trench; and a 
gap between the substrate plane and a Group 111 nitride 
compound semiconductor layer. Unless otherwise 
specified, these definitions are equally applied to the be- 
low-described features. 

[0008] The invention drawn to a second feature pro- 
vides a method for fabricating a Group ill nitride com- 
pound semiconductor substrate comprising epitaxial 
growth of a Group 111 nitride compound semiconductor 
layer on a substrate base, and removal of the substrate 
base, which method comprises a step of forming an un- 
derlying layer on a substrate base, the underlying layer 
comprising at least one Group III nitride compound sem- 
iconductor layer, and the uppermost layer of the under- 
lying layer being a first Group III nitride compound sem- 
iconductor layer; a first trench/mesa formation step in 
which the underiying layer is etched so as to form an 
island-like structure having, for example, a dot, stripe, 
or grid shape, thereby providing a trench/mesa struc- 
ture, such that the substrate base is exposed so as to 
provide the bottoms of trenches; a first mask formation 
step in which first masks are formed at the bottoms of 
the trenches formed In the first trench/mesa formation 
step, such that the upper surfaces of the first masks are 
positioned below the top surface of the uppermost layer 
of the underlying layer; a first lateral epitaxial growth 
step in which a second Group III nitride compound sem- 
iconductor layer Is epitaxlally grown, vertically and lat- 
erally, with top surfaces of mesas and sidewalls of the 
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trenches serving as nuclei for crystal growth. I.e., seeds 
for crystal growth, the mesas and trenches being formed 
by etching of the first Group III nitride compound semi- 
conductor layer so as to form an Island-like structure 
having, for example, a dot, stripe, or grid shape, thereby 5 
filling spaces above the first masks and covering the me- 
sas; a second trench/mesa formation step in which sub- 
stantially the entire underlying layer that has not under- 
gone etching in the first trench/mesa formation step Is 
removed through etching, together with the second io 
Group III nitride compound semiconductor layer formed 
on the underlying layer, so as to provide a trench/mesa 
structure including mesas formed on the remaining sec- 
ond Group III nitride compound semiconductor layer 
and trenches such that the substrate base Is exposed is 
so as to provide the bottoms of the trenches; a second 
mask formation step in which second masks are formed 
at the bottoms of the trenches formed in the second 
trench/mesa formation step, such that the upper surfac- 
es of the second masks are positioned below the top 20 
surface of the second Group ill nitride compound sem- 
iconductor layer; a second lateral epitaxial growth step 
in which a third Group III nitride compound semiconduc- 
tor layer is epitaxially grown, vertically and laterally, with 
top surfaces of the mesas and sidewalls of the trenches 25 
serving as nuclei for crystal growth, i.e., seeds for crystal 
growth, the mesas and trenches being formed by etch- 
ing of the second Group III nitride compound semicon- 
ductor layer, thereby filling spaces above the second 
masks and covering the mesas; a step of removing the 30 
first and second masks by wet etching; and a step of 
removing the substrate base, to thereby produce a sub- 
strate comprising the second and third Group ill nitride 
compound semiconductor layers. 

[0009] The invention drawn to a third feature provides 35 
a method for fabricating a Group III nitride compound 
semiconductor substrate as recited In connection with 
the second feature, wherein the masks are formed of a 
substance capable of impeding epitaxial growth of a 
Group til nitride compound semiconductor layer on the 40 
masks. 

[0010] The invention drawn to a fourth feature pro- 
vides a method for fabricating a Group III nitride com- 
pound semiconductor substrate as recited in connection 
with any one of the first through third features, wherein 45 
virtually all the sidewalls of the trenches formed in the 
first and second trench/mesa formation steps are a 
{11-20} plane. 

[001 1] The invention drawn to a fifth feature provides 
a method for fabricating a Group III nitride compound so 
semiconductor substrate as recited in connection with 
any one of the first through fourth features, wherein the 
first Group III nitride compound semiconductor layer and 
the second Group III nitride compound semiconductor 
layer have the same composition. In the context of the ss 
present invention, compositions which differ from one 
another on doping level (differences of less than 1 
mol%) are referred to as the "same composition." 
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[0012] The invention drawn to a sixth feature provides 
a method for fabricating a Group III nitride compound 
semiconductor substrate as recited in connection with 
any one of the first through fifth features, wherein the 
second Group III nitride compound semiconductor layer 
and the third Group III nitride compound semiconductor 
layer have the same composition. In the context of the 
present invention, compositions which differ from one 
another on doping level (differences of less than 1 
moi%) are referred to as the "same composition." 
[0013] The invention drawn to a seventh feature pro- 
vides a Group III nitride compound semiconductor de- 
vice, which is formed on a Group III nitride compound 
semiconductor substrate produced through a method 
for fabricating a Group III nitride compound semicon- 
ductor substrate as recited in connection with any one 
of the first through sixth features. 
[0014] The invention drawn to an eighth feature pro- 
vides a Group III nitride compound semiconductor light- 
emitting device, which is produced by laminating a dif- 
ferent Group ill nitride compound semiconductor layer 
on a Group III nitride compound semiconductor sub- 
strate produced through a method for fabricating a 
Group 111 nitride compound semiconductor substrate as 
recited in connection with any one of the first through 
sixth features. 

[0015] The outline of the method for fabricating a 
Group III nitride compound semiconductor substrate of 
the present invention will riext be described with refer- 
ence to FiGs. 1 through 4. Although FIGs. 1 and 3 illus- 
trate structures including a substrate base 1 and a buffer 
layer 2, the buffer layer 2 Is not an essential element of 
the present invention, in view that the object of the 
present Invention is to produce, by performing etching 
twice and lateral epitaxial growth twice, a Group ill ni- 
tride compound semiconductor substrate having re- 
duced threading dislocations in the vertical direction 
from a first Group Ml nitride compound semiconductor 
layer having threading dislocations in the vertical direc- 
tion. The gist of the operation and effects of the present 
invention will next be described with reference to em- 
bodiments In which a first Group III nitride compound 
semiconductor layer 31 having threading dislocations in 
the vertical direction (direction vertical to the substrate 
surface) is formed above the substrate base 1 via the 
buffer layer 2. 

[0016] As shown in FIG. 1(a), the first Group III nitride 
compound semiconductor layer 31 is formed above the 
substrate base 1 via the buffer layer 2. Subsequently, 
as shown in FIG. 1(b), the first Group III nitride com- 
pound semiconductor layer 31 is subjected to etching, 
so as to form an island-like structure having, for exam- 
ple, a dot, stripe, or grid shape, thereby providing first 
trenches/mesas such that depressions of the substrate 
base 1 are exposed so as to form the bottoms of the 
trenches. Subsequently, a second Group III nitride com- 
pound semiconductor layer 32 is epitaxially grown, ver- 
tically and laterally, with top surfaces of the first mesas 
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or posts and sidewalls of the first trenches serving as 
nuclei for crystal growth, i.e., seeds for crystal growth, 
to thereby fill spaces above the trenches of the substrate 
base 1, while epitaxial growth is effected in the vertical 
direction. In this case, propagation of threading disloca- 
tions contained in the first Group III nitride compound 
semiconductor layer 31 can be prevented in the upper 
portion of the second Group III nitride compound semi- 
conductor layer 32 that is formed by lateral epitaxial 
growth (FIGs. 1(c) and 1(d)). That Is, no threading dis- 
locations propagate, in the vertical direction, through a 
portion that is laterally grown with the sidewalls of the 
trenches serving as nuclei for crystal growth. The first 
Group III nitride compound semiconductor layer 31 is 
strongly bonded to the substrate base 1 via the buffer 
layer 2. IVIeanwhile, the second Group III nitride com- 
pound semiconductor layer 32 is not strongly bonded to 
the substrate base 1, since the layer 32 is not in direct 
contact with the substrate base 1 , or the area of a portion 
at which the layer 32 is in direct contact with the sub- 
strate base 1 is very small. Therefore, portions of the 
second Group lit nitride compound semiconductor layer 
32 that are formed above the trenches of the substrate 
base 1 do not receive stress directly from the substrate 
base 1 . 

[0017] Subsequently, the first mesas (i.e., the first 
Group III nitride compound semiconductor layer 31 and 
the buffer layer 2 that have not undergone etching) are 
subjected to etching, together with the second Group III 
nitride compound semiconductor layer 32 formed on the 
layer 31 . The substrate base 1 is also subjected to etch- 
ing, to thereby form depressions or trenches. This etch- 
ing provides second trenches/mesas; I.e., laterally epi- 
taxially grown portions of the second Group III nitride 
compound semiconductor layer 32 (FIG. 2(e)). When, 
although not Illustrated In FIG. 2(e), the first Group III 
nitride compound semiconductor layer 31 is caused to 
partially remain on the substrate base and to be bonded 
thereto, the mesas formed of the second Group III nitride 
compound semiconductor layer 32 can be provided over 
a wide region as shown in FIG. 2(e), in which the mesas 
can be viewed as if they were floating above the sub- 
strate base. In this case, threading dislocations are con- 
siderably reduced In the second Group III nitride com- 
pound semiconductor layer 32 which has been formed 
as the second mesas. Subsequently, a third Group III 
nitride compound semiconductor layer 33 is epitaxially 
grown, vertically and laterally, with top surfaces of the 
second mesas and sidewalls of the second trenches 
serving as nuclei for crystal growth, i.e., seeds for crystal 
growth, which are formed of the second Group III nitride 
compound semiconductor layer 32 (FIG. 2(f)). The thus- 
grown third Group III nitride compound semiconductor 
layer 33 has virtually no threading dislocations that prop- 
agate therethrough in the vertical direction. Like the 
case of the second Group III nitride compound semicon- 
ductor layer 32, the third Group III nitride compound 
semiconductor layer 33 has virtually no contact with the 



substrate base 1 . Therefore, portions of the third Group 
III nitride compound semiconductor layer 33 that are 
formed above the trenches of the substrate base 1 do 
not receive stress directly from the substrate base 1 . Af- 

5 ter the third Group III nitride compound semiconductor 
layer 33 Is formed so as to have a large thlci<ness (FIG. 
2(g)), the substrate base 1 Is removed, to thereby pro- 
duce a Group III nitride compound semiconductor sub- 
strate 30 having virtually no threading dislocations (FIG. 

10 2(h)). The substrate base 1 Is bonded to the Group Ml 
nitride compound semiconductor substrate 30 by 
means of merely a portion including the first Group 111 
nitride compound semiconductor layer 31 and the buffer 
layer 2 that have remained during formation of the sec- 
ts ond trenches/mesas, and the area of the portion Is very 
small. When the portion is removed together with the 
base substrate 1, or when the portion Including the first 
Group III nitride compound semiconductor layer 31 and 
the buffer layer 2 is separated from the second and third 

20 Group III nitride compound semiconductor layers 32 and 
33 formed above the trenches of the substrate base 1 . 
the Group III nitride compound semiconductor substrate 
30 having virtually no threading dislocations can be 
readily produced. The expression "removing all the un- 

25 deriying layer, excepting a portion thereor does not ex- 
clude the case in which a portion containing threading 
dislocations is present to some extent, for the sake of 
convenience in manufacture. The method of the present 
invention encompasses a process in which etching and 

30 vertical and lateral epitaxial growth are performed three 
times or more, and virtually all the underiying layer is 
removed, to thereby produce a Group III nitride com- 
pound semiconductor substrate; a process in which a 
fourth Group III nitride compound semiconductor layer 

35 Is formed while the third Group III nitride compound 
semiconductor layer 33 Is formed so as to have a large 
thickness; and a process in which a different epitaxial 
technique is employed (the first feature). 
[0018] In the aforementioned process. In order to re- 

40 duce the area of a portion at which the second or third 
Group III nitride compound semiconductor layer is in 
contact with the substrate base 1 , the substrate base 1 
is subjected to etching to thereby form depressions. 
Meanwhile, the following process as shown in FIGs. 3 

45 and 4 may be performed: the surface of a substrate base 
1 is exposed; masks 41 and 42 are formed on the thus- 
exposed substrate base 1 ; and the masks are removed 
through wet etching at the final step (I.e., the step sub- 
sequent to the step shown in FIG. 4(g)), to thereby pro- 

50 vide a space between a Group III nitride compound sem*- 
iconductor substrate and the substrate base 1 (the sec- 
ond feature). When the masks are formed of a sub- 
stance capable of Impeding epitaxial growth of a Group 
III nitride compound semiconductor layer on the masks, 

55 during epitaxial growth and after epitaxial growth, the 
Group III nitride compound semiconductor layer does 
not receive stress from the substrate base 1 via the 
masks (the third feature). 
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[0019] The aforementioned rapid lateral epitaxial 
growth can be readily attained when the sidewalls of the 
trenches formed by etching of the Group III nitride com- 
pound semiconductor layer 31 are a {11-20} plane (the 
fourth feature). During lateral epitaxial growth, at least 
an upper portion of the growth front may remain a 
{11-20} plane. When the first Group III nitride compound 
semiconductor layer and the second Group III nitride 
compound semiconductor layer have the same compo- 
sition, rapid lateral epitaxial growth can be readily at- 
tained (the fifth feature). Similar to the case described 
above, when the second Group III nitride compound 
semiconductor layer and the third Group lit nitride com- 
pound semiconductor layer have the same composition, 
rapid lateral epitaxial growth can be readily attained (the 
sixth feature). 

[0020] Through the procedure described above, the 
Group III nitride compound semiconductor substrate 30 
can be readily removed from the substrate base 1, and 
threading dislocations contained in the substrate 30 can 
be reduced to the lowest possible level. Although FIGs. 
1 through 4 illustrate sidewalls of trenches vertical to the 
substrate base, the present invention is not limited 
thereto, and the sidewalls may be oblique planes. So 
long as the first Group III nitride compound semiconduc- 
tor layer 31 and the buffer layer 2 are removed through 
a combination of the first and second trench/mesa for- 
mation steps, the trenches formed in the first or second 
trench/mesa formation step may have V-shaped cross 
sections. These features are equally applied to the de- 
scriptions below. 

[0021] When a device is formed on the Group III ni- 
tride compound semiconductor substrate produced 
through the above process, a semiconductor device 
having a layer containing few defects and endowed with 
high mobility can be provided (the seventh feature). 
[0022] When a light-emitting device is formed on the 
Group ill nitride compound semiconductor substrate 
produced through the above process, a light-emitting 
device endowed with improved life time and an im- 
proved LD threshold value can be provided (the eighth 
feature). 

Brief Description of the Drawings 
[0023] 

FIG. 1 is a series of cross-sectional views showing 
the first half of the steps of fabricating a Group III 
nitride compound semiconductor substrate accord- 
ing to a first embodiment of the present invention. 
FIG. 2 is a series of cross-sectional views showing 
the second half of the steps of fabricating a Group 
III nitride compound semiconductor substrate ac^ 
cording to the first embodiment of the present in- 
vention. 

FIG. 3 is a series of cross-sectional views showing 
the first half of the steps of fabricating a Group III 
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nitride compound semiconductor substrate accord- 
ing to a second embodiment of the present inven- 
tion. 

FIG. 4 is a series of cross-sectional views showing 
5 the second half of the steps of fabricating a Group 
ill nitride compound semiconductor substrate ac- 
cording to the second embodiment of the present 
invention. 

FIG. 5 is a schematic representation showing an ex- 

10 ample of etching of first and second Group til nitride 
compound semiconductor layers, and the second 
and third Group III nitride compound semiconductor 
layers which have been formed. 
FIG. 6 is a cross-sectional view showing the struc- 

15 ture of a Group III nitride compound semiconductor 
light-emitting device according to a third embodi- 
ment of the present invention. 
FIG. 7 is a cross-sectional view showing the struc- 
ture of a Group III nitride compound semiconductor 

20 light-emitting device according to a fourth embodi- 
ment of the present invention. 
FIG. 8 is a schematic representation showing an- 
other example of etching of the first Group III nitride 
compound semiconductor layer. 

25 FIG. 9 is a cross-sectional view showing threading 
dislocations propagating In a Group III nitride com- 
pound semiconductor. 

Best IVIode for Carrying Out the Invention 

30 

[0024] FIGs. 1 through 4 schematically show a mode 
for carrying out the method for fabricating a Group III 
nitride compound semiconductor substrate of the 
present invention. A substrate base 1, a buffer layer 2, 

35 and a first Group III nitride compound semiconductor 
layer 31 are formed (FIG. 1(a)), and the layers 2 and 31 
are subjected to etching, to thereby form trenches (FIG. 
1(b)). As a result of etching, first mesas and trenches 
are formed, the unetched surfaces of the layer 31 be- 

^0 come the top surfaces of the mesas, sidewalls of the 
trenches are formed, and bottoms of the trenches are 
formed; i.e., depressions are formed on the substrate 
base 1. The sidewalls are. for example, {11-20} planes. 
Subsequently, under conditions of lateral epitaxial 

45 growth, a second Group III nitride compound semicon- 
ductor layer 32 is epitaxially grown with the sidewalls of 
the first trenches and the top surfaces of the first mesas 
serving as nuclei for crystal growth, i.e., seeds for crystal 
growth. A metal-organic growth process enables easy 

50 lateral epitaxial growth while the growth fronts remain 
the {11-20} planes. Portions of the second Group 111 ni- 
tride compound semiconductor layer 32 that are laterally 
grown from the sidewalls of the trenches are free from 
propagation of threading dislocations (FIG. 1(c)). The 

55 form of etching and lateral epitaxial growth conditions 
are determined such that the fronts of lateral growth ex- 
tending from the opposite sidewalls of the trenches fill 
the etched trenches, whereby threading dislocations are 
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suppressed in the regions of the second Group III nitride 
compound semiconductor layer 32 formed above the 
bottoms of the etched trenches (FIG. 1(d)). Thereafter, 
the first Group III nitride compound semiconductor layer 
31 and the buffer layer 2 are removed by etching, to- 
gether with the second Group III nitride compound sem- 
iconductor layer 32 formed on the layer 31 , and the sur- 
face of the substrate base 1 , to thereby provide second 
trenches/mesas formed of the second Group 111 nitride 
compound semiconductor layer 32 with suppressed 
threading dislocations (FIG. 2(e)). When, although not 
Illustrated in FIG. 2(e), the first Group III nitride com- 
pound semiconductor layer 31 is caused to partially re- 
main on the substrate base and to be bonded thereto, 
the mesas formed of the second Group lit nitride com- 
pound semiconductor layer 32 can be provided over a 
wide region as shown in FIG. 2(e), in which the mesas 
can be viewed as if they were floating above the sub- 
strate base. Subsequently, a third Group 111 nitride com- 
pound semiconductor layer 33 is epitaxlally grown, ver- 
tically and laterally, with top surfaces of the second me- 
sas and sidewalls of the second trenches serving as nu- 
clei for crystal growth, i.e., seeds for crystal growth, the 
mesas and trenches being formed of the second Group 
III nitride compound semiconductor layer 32 with sup- 
pressed threading dislocations (FIG. 2(f)), whereby vir- 
tually no threading dislocations are generated in the 
third Group III nitride compound semiconductor layer 
33. After the third Group 111 nitride compound semicon- 
ductor layer 33 is formed so as to have a large thickness 
(FIG. 2(g)), the substrate base 1 is removed, to thereby 
produce a Group 111 nitride compound semiconductor 
substrate 30 (FIG. 2(h)). The substrate base 1 1s bonded 
to the Group III nitride compound semiconductor sub- 
strate 30 via merely a portion including the first Group 
111 nitride compound semiconductor layer 31 and the 
buffer layer 2 that have remained during formation of the 
second trenches/mesas. Therefore, when the portion is 
removed, or when the portion is separated from the sec- 
ond and third Group III nitride compound semiconductor 
layers 32 and 33, the Group Ml nitride compound semi- 
conductor substrate 30 Is produced. As shown in FIGs. 
3 and 4, when masks 41 on which a Group 111 nitride 
compound semiconductor layer Is not epitaxlally grown 
are provided at the bottoms of the first trenches, and 
masks 42 on which a Group III nitride compound semi- 
conductor layer Is not epitaxlally grown are provided at 
the bottoms of the second trenches. In a manner similar 
to that described above, the Group III nitride compound 
semiconductor substrate 30 can be readily produced. 
The masks 41 and 42 are preferably formed of a sub- 
stance which can be removed through, for example, wet 
etching. 

[0025] There may be employed an underiying layer 
Including a plurality of sub-layer units, each unit having 
a buffer layer and a Group III nitride compound semi- 
conductor layer grown epitaxially on the buffer layer, 
wherein the lowermost unit includes a buffer layer 



formed directly on the substrate base 1. Regardless of 
the number of the units, the substrate base 1 is exposed 
through the bottoms of the trenches formed in the un- 
deriying layer. Portions of the Group III nitride compound 

5 semiconductor layer 32 formed above the bottoms of the 
trenches are formed primarily through lateral epitaxial 
growth while the Group 111 nitride compound semicon- 
ductor layer 31, which Is the top layer of the mesas, 
serves as nuclei, thereby becoming regions in which 

10 threading dislocations of vertical propagation are sup- 
pressed. 

[0026] The aforementioned modes for carrying out 
the Invention may employ any of the following process- 
es. 

IS [0027] When Group III nitride compound semiconduc- 
tor layers are successively formed on a substrate base, 
the substrate base may be formed from an Inorganic 
crystal compound such as sapphire, silicon (Si), silicon 
carbide (SIC), spinel (MgAl204), ZnO, or MgO; a Group 

20 lll-V compound semiconductor such as gallium phos- 
phide or gallium arsenide; or a Group 111 nitride com- 
pound semiconductor having threading dislocations, 
such as gallium nitride (GaN). 

[0028] A preferred process for forming a Group 111 ni- 
25 tride compound semiconductor layer is metal-organic 
chemical vapor deposition (MOCVD) or metal-organic 
vapor phase epitaxy (MOVPE). However, molecular 
beam epitaxy (MBE), halide vapor phase epitaxy (Hali- 
de VPE), liquid phase epitaxy (LPE), or the like may be 
30 used. Also, individual layers may be formed by different 
growth processes. 

[0029] When a Group 111 nitride compound semicon- 
ductor layer is to be formed on, for example, a sapphire 
substrate serving as a substrate base, in order to impart 

35 good crystalllnity to the layer, a buffer layer Is preferably 
formed for the purpose of correcting lattice mismatch 
with the sapphire substrate. When a substrate of anoth- 
er material Is to be used as a substrate base, employ- 
ment of a buffer layer is also preferred. A buffer layer is 

40 preferably of a Group 1 1 1 nitride compound semiconduc- 
tor AI^Gayln^.x-yN formed at low temperature (0 < x < 1 , 
0<y<1,0<x + y<1), more preferably of AlxGa^.^N (0 
< X < 1 ). This buffer layer may be a single layer or a multi- 
component layer containing layers of different composl- 

45 tions. A buffer layer may be formed at a low temperature 
of 380 to 420°C or by MOCVD at a temperature of 1 .000 
to 1,180''C. Alternatively, an AIN buffer layer can be 
formed by a reactive sputtering process using a DC 
magnetron sputtering apparatus and, as materials, 

50 high-purity aluminum and nitrogen gas. Similarly, a buff- 
er layer represented by the formula AI^Ga^ln^.^.yN (0 < 
x<1,0<y<1,0<x + y<1, arbitrary composition) can 
be formed. Furthermore, vapor deposition. Ion plating, 
laser abrasion, or ECR can be employed. When a buffer 

55 layer Is to be formed by physical vapor deposition, phys- 
ical vapor deposition Is performed preferably at 200 to 
600°C, more preferably 300 to 500°C, most preferably 
350 to 450°C. When physical vapor deposition, such as 
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sputtering, is employed, the thickness of a buffer layer 
is preferably 1 00 to 3,000 A, nnore preferably 1 00 to 400 
A, nnost preferably 1 00 to 300 A. A multi-component lay- 
er may contain, for example, alternating AI^Ga-,. xN (0 
< X <1) layers and GaN layers. Alternatively, a multi- s 
component layer may contain alternating layers of the 
same composition formed at a temperature of not higher 
than eoO'^C and at a temperature of not lower than 
I.OOO^'C. Of course, these an'angements may be com- 
bined. Also, a multi-component layer may contain three io 
or more different types of Group III nitride compound 
semiconductors AlxGayln^.x.yN (0<x^1,0<y<1,0< 
X + y < 1). Generally, a buffer layer is amorphous and 
an intermediate layer Is monocrystalllne. Repetitions of 
unit of a buffer layer and an intermediate layer may be is 
formed, and the number of repetitions is not particularly 
limited. The greater the number of repetitions, the great- 
er the improvement in crystalllnlty. 
[0030] The present Invention is substantially applica- 
ble even when the composition of a buffer layer and that 20 
of a Group III nitride compound semiconductor formed 
on the buffer layer are such that a portion of Group III 
elements are replaced with boron (B) or thallium (Tl) or 
a portion of nitrogen (N) atoms are replaced with phos- 
phorus (P), arsenic (As), antimony (Sb), or bismuth (Bi). 25 
Also, the buffer layer and the Group Mi nitride compound 
semiconductor may be doped with any one of these el- 
ements to such an extent as not to appear In the com- 
position thereof. For example, a Group III nitride com- 
pound semiconductor which is represented by 30 
AI^Ga^. xN (0 < X < 1 ) and which does not contain Indium 
(In) and arsenic (As) may be doped with indium (In), 
which is larger in atomic radius than aluminum (Al) and 
gallium (Ga), or arsenic (As), which Is larger in atomic 
radius than nitrogen (N), to thereby improve crystallinity 35 
through compensation, by means of compression 
strain, for crystalline expansion strain Induced by drop- 
ping off of nitrogen atoms. In this case, since acceptor 
impuritleseasily occupy the positions of Group ill atoms, 
p-type crystals can be obtained as grown. Through the 40 
thus-attained Improvement of crystalllnlty combined 
with the features of the present invention, threading dis- 
location can be further reduced to approximately 1/100 
to 1/1 ,000. In the case of an underlying layer containing 
two or more repetitions of a buffer layer and a Group III 45 
nitride compound semiconductor layer, the Group III ni- 
tride compound semiconductor layers are further pref- 
erably doped with an element greater in atomic radius 
than a predominant component element. When a light- 
emitting element is produced after formation of a Group so 
III nitride compound semiconductor substrate, use of a 
binary or ternary Group III nitride compound semicon- 
ductor Is preferred. 

[0031] When an n-type Group III nitride compound 
semiconductor layer is to be formed, a Group iV or ss 
Group VI element, such as Si, Ge, Se, Te, or C, can be 
added as an n-type impurity. A Group il or Group IV el- 
ement, such as Zn, iVIg, Be, Ca, Sr, or Ba, can be added 



233 A1 




as a p-type impurity. The same layer may be doped with 
a plurality of n-type or p-type impurities or doped with 
both n-type and p-type impurities. Thus, an n-type or p- 
type Group ill nitride compound semiconductor sut>- 
strate having arbitrary conductivity can be produced. 
[0032] Lateral epitaxial growth preferably progresses 
such that the front of lateral epitaxial growth is perpen- 
dicular to a substrate base. However, lateral epitaxial 
growth may progress while slant facets with respect to 
the substrate base are maintained. In this case, trench- 
es may have a V-shaped cross section. 
[0033] Preferably, lateral epitaxial growth progresses 
such that at least an upper portion of the front of lateral 
epitaxial growth is perpendicular to the surface of a sub>- 
strate base. More preferably, growth fronts are {11-20} 
planes of a Group III nitride compound semiconductor 
layer 

[0034] The depth and width of trenches to be etched 
are appropriately determined such that lateral epitaxial 
growth fills the trenches. 

[0035] When the crystal orientation of a Group III ni- 
tride compound semiconductor layer to be formed on a 
substrate base can be predicted, masking or etching in 
the form of stripes perpendicular to the a-plane ({1 1 -20} 
plane) or the m-plane ({1-100} plane) of the Group III 
nitride compound semiconductor layer is favorable. The 
aforementioned stripe or masic patterns may be Island- 
like or grid-like or may assume other forms. The front of 
lateral epitaxial growth may be perpendicular or oblique 
to the surface of a substrate base. In order for the a- 
plane; i.e., the (11-20) plane, of a Group 111 nitride com- 
pound semiconductor layer to become the front of lateral 
epitaxial growth, the lateral direction of stripes must for 
example, be perpendicular to the m-plane; i.e., the 
(1-100) plane, of the Group Hi nitride compound semi- 
conductor layer. For example, when the surface of a 
substrate base is the a-plane or the c-plane of sapphire, 
the m-plane of sapphire usually matches the a-plane of 
a Group III nitride compound semiconductor layer 
formed on the substrate base. Thus, etching Is per- 
formed according to the arrangement of the planes. In 
the case of dot-like, grid-like, or island-like etching, 
planes that define an outline (sidewalls) are preferably 
{11-20} planes. 

[0036] An etching mask may be fornr\ed of a multi-lay- 
er film formed from a polycrystalline semiconductor 
such as polycrystalline silicon or a polycrystalline nitride 
semiconductor; an oxide or a nitride, such as silicon ox- 
ide (SiOx), silicon nitride (SiN^). titanium oxide (TiOx), or 
zirconium oxide (ZrO^); or a metal of high melting point, 
such as titanium (Tl) or tungsten (W). The film may be 
formed through any known method, such as a vapor- 
growth method (e.g., deposition, sputtering, or CVD). 
The mask may be removed during lateral epitaxial 
growth, or a Group 111 nitride compound semiconductor 
layer may be laterally epitaxlally grown so as to cover 
the mask without removal of the mask. When the mask 
is removed, the laterally epitaxlally grown Group III ni- 
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tride compound semlcxinductor layer exhibits improved 
crystallinity. Meanwhile, when the mask Is caused to re- 
main, dislocations may be generated at the edge of the 
mask. 

[0037] Reactive ion etching (RIE) is preferred, but any 
other etching process may be employed. When trench- 
es having sidewalls oblique to the surface of a substrate 
base are to be formed, anisotropic etching is employed. 
By means of anisotropic etching, trenches are formed 
such that the trenches have a V-shaped cross section. 
[0038] No particular limitation is imposed on the mask 
provided at the bottoms of trenches, so long as the mask 
can be removed through wet etching. Therefore, the 
aforementioned etching mask may be employed. The 
mask provided at the bottoms of the trenches may be 
removed through any wet etching technique. When the 
mask provided at the bottoms of the trenches is formed 
of silicon dioxide, the mask may be removed through 
wet etching employing a hydrofluoric-acid-based etch- 
ant. 

[0039] A semiconductor device, such as an FET or a 
light-emitting device, can be formed on the aforemen- 
tioned Group lil nitride compound semiconductor sub- 
strate having virtually no threading dislocations. In the 
case where a light-emitting device is formed, a light- 
emitting layer may have a multi-quantum well (MQW) 
structure, a single-quantum well (SQW) structure, a ho- 
mo-structure, a single-hetero-structure, or a double-het- 
ero-structure, or the layer may be formed by means of, 
for example, a pin junction or a pn junction. 
[0040] In order to separate the aforementioned Group 
ill nitride compound semiconductor substrate having 
virtually no threading dislocations firom the substrate 
base 1, any known technique, such as mechanochem- 
ical polishing, may be employed. The Group III nitride 
compound semiconductor substrate produced through 
the method of the present invention may be employed 
for forming a larger Group III nitride compound semicon- 
ductor crystal. 

[0041] Embodiments of the present invention in which 
light-emitting elements are produced will next be de- 
scribed. The present invention is not limited to the em- 
bodiments described below. The present invention dis- 
closes a method for fabricating a Group III nitride com- 
pound semiconductor substrate applicable to fabrica- 
tion of any device. 

[0042] The Group III nitride compound semiconductor 
of the present invention was produced through metal- 
organic vapor phase epitaxy (hereinafter called 
"MOVPE"). The following gasses were employed: am- 
monia (NH3), carrier gas (H2 or N2). trimethylgallium (Ga 
(CH3)3, hereinafter called TMG"), trimethylaluminum 
(AI(CH3)3, hereinafter called TMA"), trimethyl indium (In 
(CH3)3, hereinafter called "TMI"), and cyclopentadienyl- 
magnesium (Mg(C5H5)2. hereinafter called "Cp2lVlg"). 
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[First embodiment] 

[0043] FIGs. 1 and 2 show the steps of the present 
embodiment. A monocrystalline sapphire substrate 1 

5 whose principle surface for crystal growth is an a-plane 
was cleaned by organic cleaning and heat treatment. 
The temperature of the substrate 1 was lowered to 
400°C, and H2 (10 Umin), NH3 (5 L/min). and TMA (20 
^mol/min) were fed for about three minutes, to thereby 

10 form an AIN buffer layer 2 (thickness: about 40 nm) on 
the substrate 1 . Subsequently, while the temperature of 
the sapphire substrate 1 was maintained at 1 ,000°C, H2 
(20 L/min), NH3 (10 L7min). and TMG (300 ^mol/min) 
were introduced, to thereby form a GaN layer 31 (thick- 

15 ness: about 1 ^m) (FIG. 1(a)). 

[0044] By use of a hard bake resist mask, stripe- 
shaped trenches each having a width of 10 |im and a 
depth of about 1 .2 |xm were formed at intervals of 1 0 ^im 
through selective dry etching employing reactive ion 

20 etching (RIE). As a result, mesas formed of the GaN lay- 
er 31 and the buffer layer 2 each having a width of 10 
^m and a height of about 1 |xm, and depressions of the 
sapphire substrate 1 each having a depth of 0.2 ^im were 
alternately formed (FIG. 1(b)). At this time, the {11-20} 

25 planes of the GaN layer 31 were caused to serve as the 
sidewalls of the trenches of a depth of 1 jim. 
[0045] Subsequently, while the temperature of the 
sapphire substrate 1 was maintained at 1 , 1 50°C, H2 (20 
L/min), NH3 (10 L/min), and TIVIG (2 p^mol/min) were in- 

30 troduced, to thereby form a GaN layer 32 by lateral epi- 
taxial growth performed while the sidewalls of the 
trenches of a depth of 1 jim; i.e., the {11-20} planes of 
the GaN layer 31 , served as nuclei for crystal growth. At 
an initial stage, vertical epitaxial growth from the top sur- 

35 faces of the mesas or posts was suppressed (FIG. 1 (c)). 
Lateral epitaxial grov^h was performed while the {1 1 -20} 
planes primarily served as the growth fronts, whereby 
the trenches were filled, and the surface of the GaN lay- 
er 32 became flat. The overall thickness of the GaN layer 

40 31 and the GaN layer 32 was found to be about 1 .5 ^im 
(FIG. 1(d)). 

[0046] Subsequently, by use of a hard bake resist 
mask, stripe-shaped trenches each having a width of 1 0 
^im and a depth of about 1 .7 ^im were formed at intervals 

45 of 1 0 Jim through selective dry etching employing reac- 
tive ion etching (RIE), whereby virtually all the GaN layer 
31 and the buffer layer 2 was removed, together with 
the GaN layer 32 formed atop the GaN layer 31 and the 
surface of the sapphire substrate 1 (FIG. 2(e)). FIG. 5 

50 schematically shows the thus-formed structure. Specif- 
ically, FIG. 5(a) is a plan view corresponding to FIG. 1 
(b), and reference letter B of FIG. 5(a) denotes the de- 
pressions or trenches formed in the sapphire substrate 
1. FIG. 5(b) is a plan view corresponding to FIG. 2(e), 

55 and reference letter A of FIG. 5(b) denotes the exposed 
depressions or trenches of the sapphire substrate 1 . As 
shown in FIG. 5(b) (not illustrated in FIG. 2(e)), the GaN 
layer 31 is caused to remain on the periphery of the sap- 
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phire substrate 1 . 

[0047] Through the aforementioned etching, mesas 
formed of the GaN layer 32 each having a width of 10 
^m and a height of about 1.5 jim, and trenches of the 
sapphire substrate 1 each having a width of 1 0 ^im and 
a depth of 0.2 ^im were alternately formed (FIG. 2(e)). 
At this time, the {1 1 -20} planes of the GaN layer 32 were 
served as the sidewalls of the trenches of a depth of 1 .5 
nm. 

[0048] Subsequently, while the temperature of the 
sapphire substrate 1 was maintained at USO^'C, H2 (20 
L/min), NH3 (10 L/min), and TIV1G (2 nmol/min) were In- 
troduced, to thereby form a GaN layer 33 through lateral 
epitaxial growth performed while the sidewalls of the 
trenches of a depth of 1 .5 |im; I.e., the {11-20} planes of 
the GaN layer 32, served as nuclei for crystal growth. At 
an initial stage, vertical epitaxial growth from the top sur- 
faces of the mesas was suppressed (FIG. 2(f)). Lateral 
epitaxial growth was performed while the {1 1 -20} planes 
primarily served as the growth fronts, whereby the 
trenches were filled, and the surface of the GaN layer 
33 became flat. Thereafter, H2 (20 L/min), NH3 (10 L/ 
min), and TMG (300 |imol/mln) were Introduced, to 
thereby further grow the GaN layer 33 until the overall 
thickness of the GaN layer 32 and the GaN layer 33 be- 
came 300 |im (FiG. 2(g)). Thereafter, a GaN substrate 
30 including the GaN layer 32 and the GaN layer 33 was 
separated, through dicing, from the sapphire substrate 
1 and the remaining portion of the GaN layer 31 (see 
FIG. 5(c)) at the boundary between the GaN substrate 
30 and the remaining portion of the GaN layer 31 (FIG. 
2(h)). The thus-produced GaN substrate 30 was found 
to contain virtually no threading dislocations. 

[Second embodiment] 

[0049] FIGs. 3 and 4 show the steps of the present 
embodiment. A monocrystalline sapphire substrate 1 
whose principal surface an a-plane was cleaned 
through organic cleaning and heat treatment. The tem- 
perature of the substrate 1 was lowered to 400°C, and 
H2 (10 L/min). NH3 (5 L/min), and TMA (20 ^imol/min) 
were fed for about three minutes, to thereby form an AIN 
buffer layer 2 (thickness: about 40 nm) on the substrate 
1 . Subsequently, while the temperature of the sapphire 
substrate 1 was maintained at 1,000°C, H2 (20 L/min), 
NH3 (10 L/mIn), and TMG (300 ^imol/min) were intro- 
duced, to thereby form a GaN layer 31 (thickness: about 
1 ^im). 

[0050] By use of a hard bake resist mask, stripe- 
shaped trenches each having a width of 10 \im and a 
depth of about 1 ^im were formed at Intervals of 10 jxm 
through selective dry etching employing reactive ion 
etching (RIE). As a result, mesas formed of the GaN lay- 
er 31 and the buffer layer 2 each having a width of 10 
Jim and a height of about 1 |xm, and trenches each hav- 
ing a width of 10 ^im and having the sapphire substrate 
1 exposed at the bottom thereof were alternately formed 
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(FIG. 3(a)). At this time, the {11-20} planes of the GaN 
layer 31 were served as the sidewalls of the trenches of 
a depth of 1 jim. 

[0051] Subsequently, a silicon dioxide (Si02) film was 
5 uniformly formed through sputtering. Thereafter, a resist 
was applied onto the Si02 film; a portion of the resist 
that covered a necessary portion of the silicon dioxide 
film was remained through photolithography; and a por- 
tion of the silicon dioxide film that was not covered with 
10 the resist was subjected to wet etching, to thereby form 
a wafer having the structure shown in FIG. 3(b) and in- 
cluding masks 41. 

[0052] Subsequently, while the temperature of the 
sapphire substrate 1 was maintained at 1 , 1 50°C, H2 (20 

15 IJmin), NH3 (10 L/min), and TIVIG (2 fimol/min) were in- 
troduced, to thereby form a GaN layer 32 through lateral 
epitaxial growth performed while the sidewalls of the 
trenches of a depth of 1 ^im; I.e., the {11-20} planes of 
the GaN layer 31 , served as nuclei for crystal growth. At 

20 an Initial stage, vertical epitaxial growth from the top sur- 
faces of the mesas was suppressed (FIG. 3(c)). Lateral 
epitaxial growth was performed while the {1 1 -20} planes 
primarily served as the growth fronts, whereby the 
trenches were filled, and the surface of the GaN layer 

25 32 became flat. The overall thickness of the GaN layer 
31 and the GaN layer 32 was found to be about 1 .5 jim 
(FIG. 3(d)). 

[0053] Subsequently, by use of a hard bake resist 
mask, stripe-shaped trenches each having a width of 1 0 

30 |Lim and a depth of about 1 .5 ^m were formed at Intervals 
of 1 0 fim through selective dry etching employing reac- 
tive ion etching (RIE), whereby virtually the entirety of 
the GaN layer 31 and the buffer layer 2 were removed, 
together with the GaN layer 32 formed on the GaN layer 

35 31 . As a result, mesas formed of the GaN layer 32 each 
having a width of 10 ^im and a height of about 1.5 ^im, 
and trenches each having a width of 10 ^m and having 
the sapphire substrate 1 exposed at the bottom thereof 
were alternately formed . At this time, the {1 1 -20} planes 

40 of the GaN layer 32 were served as the sidewalls of the 
trenches of a depth of 1.5 ^im. Subsequently, a silicon 
dioxide (Si02) film was uniformly formed through sput- 
tering. Thereafter, a resist was applied onto the Si02 
film; a portion of the resist that covered a necessary por- 

45 tion of the silicon dioxide film was caused to remain 
through photolithography; and a portion of the silicon di- 
oxide film that was not covered with the resist was sub- 
jected to wet etching, to thereby form a wafer including 
SIO2 masks 42 (FIG. 4(e)). The aforementioned proce- 

50 dure of the second embodiment is similar to that of the 
first embodiment, and the thus-formed structure is sche- 
matically shown In FIG. 5. Specifically, FIG. 5(a) is a plan 
view corresponding to FIG. 3(b), and reference letter B 
of FIG. 5(a) denotes the SIO2 masks 41 formed on the 

55 sapphire substrate 1. FIG. 5(b) is a plan view corre- 
sponding to FIG. 4(e), and reference letter A of FIG. 5 
(b) denotes the exposed SIO2 masks 42 formed on the 
sapphire substrate 1. As shown in FIG. 5(b) (not illus- 
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trated in FIG. 4(e)), in consideration of worl<ability, the 
GaN layer 31 Is caused to remain on the periphery of 
the sapphire substrate 1 . 

[0054] Subsequently, while the temperature of the 

sapphire substrate 1 was maintained at 1 , 1 50°C, H2 (20 5 
Umin), NH3 (10 Umin), and TMG (2 nmol/min) were In- 
troduced, to thereby form a GaN layer 33 through lateral 
epitaxial growth performed while the sidewalls of the 
trenches of a depth of 1 .5 jim; i.e., the {11-20} planes of 
the GaN layer 32, served as nuclei for crystal growth. At 10 
an initial stage, vertical epitaxial growth from the top sur- 
faces of the mesas was suppressed (FIG. 4(f)). Lateral 
epitaxial growth was performed while the {11-20} planes 
primarily served as the growth fronts, whereby the 
trenches were filled, and the surface of the GaN layer is 
33 became flat. Thereafter, Hg (20 Umin), NH3 (10 L/ 
min), and TMG (300 |imol/min) were introduced, to 
thereby further grow the GaN layer 33 until the overall 
thickness of the GaN layer 32 and the GaN layer 33 be- 
came 300 \im (FIG. 4(g)). Subsequently, the SIO2 20 
masks 41 and 42 were removed through wet etching 
employing a hydrofluoric-acid-based etchant. Thereaf- 
ter, a GaN substrate 30 including the GaN layer 32 and 
the GaN layer 33 was separated, through dicing, from 
the sapphire substrate 1 and the remaining portion of 25 
the GaN layer 31 (see FIG. 5(c)) at the boundary be- 
tween the GaN substrate 30 and the remaining portion 
of the GaN layer 31 (FIG. 4(h)). The thus-produced GaN 
substrate 30 was found to contain virtually no threading 
dislocations. 30 
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[Fourth embodiment] 

[0056] In the present embodiment, an n-type GaN 
substrate was employed. On an n-type GaN substrate 
201, an n-Alo.isGao esN layer 202, a light-emitting layer 
203, and a magnesium (l\/lg)-doped Alo/isGaogsN p- 
cladding layer 204 were formed. Subsequently, an elec- 
trode 205A of gold (Au) was formed on the p-cladding 
layer 204, and an electrode 205B of aluminum (Al) was 
formed on the back side of the GaN substrate 201 (FIG. 
7). The thus-formed light-emitting diode (LED) 200 ex- 
hibited significant improvement of life time and light- 
emitting efficiency. 

[l\4odtfication of etching] 

[0057] FIG. 8 shows an example in which island-like 
mesas are formed by means of three groups of {11-20} 
planes. To facilitate understanding, the schematic view 
of FIG. 8(a) includes a peripheral region formed by 
means of three groups of {11-20} planes. In actuality, 
tens of millions of island-like mesas may be formed per 
wafer. In FIG. 8(a), the area of the bottoms of the trench- 
es B is three times the area of the top surfaces of the 
island-like mesas. In FIG. 8(b), the area of the bottoms 
of the trenches B is eight times the area of the top sur- 
faces of the island-like mesas. 



Claims 



[Third embodiment] 

[0055] In the present embodiment, the first embodi- 
ment was modified such that silane (SiH4) was fed dur- 35 
ing formation of the GaN layers 32 and 33, to thereby 
produce an n-type GaN substrate 101, and the thus-pro- 
duced substrate 1 01 was employed. On the n-type GaN 
substrate 101 , a silicon (Si)-doped n-Alg ^sGag 85N layer 
102 (thickness: 2 ^im) was formed at a temperature of 40 
1,150°C through feeding of H2 (10 L/min), NH3 (10 U 
min), TMG (100 ^mol/min), TMA (10 ^mol/min), and si- 
lane (SiH4) diluted with H2 gas to 0.86 ppm (0.2 ^mol/ 
min). On the n-Alo^sGaQ.esN layer 102, a silicon (Si)- 
doped GaN n-guide layer 1 03, an MQW-structured light- 45 
emitting layer 1 04, a magnesium (l\4g)-doped GaN p- 
guide layer 105, a magnesium (Mg)-doped 
Alo.osGao g2N p-cladding layer 106, and a magnesium 
(Mg)-doped GaN p-contact layer 1 07 were formed. Sub- 
sequently, an electrode 108A of gold (Au) was formed ^ 
on the p-contact layer 107, and an electrode 108B of 
aluminum (Al) was formed on the back side of the n-type 
GaN substrate 1 01 (FIG. 6). A laser diode (LD) 1 00 was 
formed on the n-type GaN substrate 101 containing vir- 
tually no threading dislocations. The thus-formed laser 
diode (LD) 100 exhibited significant improvement of life 
time and light-emitting efficiency. 



1. A method for fabricating a Group III nitride com- 
pound semiconductor substrate through epitaxial 
growth of a Group 1 1 1 nitride compound semiconduc- 
tor layer on a substrate base, and removal of the 
substrate base, which method comprises a step of 
forming an underiying layer on a substrate base, the 
underiying layer comprising at least one Group III 
nitride compound semiconductor layer, and the up- 
permost layer of the underiying layer being a first 
Group III nitride compound semiconductor layer; a 
first trench/mesa formation step in which at least a 
portion of the underlying layer and at least a portion 
of the surface of the substrate base are removed 
through etching so as to form an isiand-like struc- 
ture having, for example, a dot, stripe, or grid shape, 
thereby providing a trench/mesa structure including 
mesas formed on the underlying layer and trenches 
whose bottoms sink into the surface of the substrate 
base; a first lateral epitaxial growth step in which a 
second Group III nitride compound semiconductor 
layer is epitaxially grown, vertically and laterally, 
with top surfaces of the mesas and sidewalls of the 
trenches serving as nuclei for crystal growth, the 
mesas and trenches being formed by etching of the 
first Group III nitride compound semiconductor lay- 
er so as to form an island-like structure having, for 
example, a dot, stripe, or grid shape, thereby filling 
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upper portions of the trenches and covering the me- 
sas; a second trench/mesa formation step in which 
the entire underlying layer that has not undergone 
etching in the first trench/mesa formation step, ex- 
cepting a portion of the underlying layer, is removed 5 
by etching, together with the second Group III ni- 
tride compound semiconductor layer formed on the 
underiying layer, and at least a portion of the surface 
of the substrate base, so as to provide a trench/me- 
sa structure including mesas formed on the remain- io 
Ing second Group III nitride compound semiconduc- 
tor layer and trenches whose bottoms sink Into the 
surface of the substrate base; a second lateral epi- 
taxial growth step in which a third Group III nitride 
compound semiconductor layer Is epitaxially is 
grown, vertically and laterally, with top surfaces of 
the mesas and sidewalls of the trenches serving as 
nuclei for crystal growth, the mesas and trenches 
being formed through etching of the second Group 
III nitride compound semiconductor layer, thereby 20 
filling upper portions of the trenches and covering 
the mesas; and a step of removing the substrate 
base and the underlying layer which has not been 
removed In the second trench/mesa formation step, 
to thereby produce a substrate comprising the sec- 2S 
ond and third Group III nitride compound semicon- 
ductor layers. 

2. A method for fabricating a Group III nitride com- 
pound semiconductor substrate comprising epitax- 30 
lal growth of a Group III nitride compound semicon- 
ductor layer on a substrate base, and removal of 
the substrate base, which method comprises a step 
of forming an underlying layer on a substrate base, 
the underiying layer comprising at least one Group 35 
III nitride compound semiconductor layer, and the 
uppermost layer of the underiying layer being a first 
Group ill nitride compound semiconductor layer; a 
first trench/mesa formation step in which the under- 
lying layer Is etched so as to form an island-like 40 
structure having, for example, a dot, stripe, or grid 
shape, thereby providing a trench/mesa structure, 
such that the substrate base is exposed so as to 
provide the bottoms of trenches; a first mask forma- 
tion step in which first masks are formed at the bot- 45 
toms of the trenches formed In the first trench/mesa 
formation step, such that the upper surfaces of the 
first masks are positioned below the top surface of 
the uppermost layer of the underlying layer; a first 
lateral epitaxial growth step In which a second so 
Group III nitride compound semiconductor layer is 
epitaxially grown, vertically and laterally, with top 
surfaces of mesas and sidewalls of the trenches 
serving as nuclei for crystal growth, the mesas and 
trenches being formed by etching of the first Group 55 
III nitride compound semiconductor layer so as to 
form an island-like structure having, for example, a 
dot, stripe, or grid shape, thereby filling spaces 



above the first masks and covering the mesas; a 
second trench/mesa formation step in which sub- 
stantially the entire underiying layer that has not un- 
dergone etching In the first trench/mesa formation 
step Is removed by etching, together with the sec- 
ond Group III nitride compound semiconductor lay- 
er formed on the underiying layer, so as to provide 
a trench/mesa structure including mesas formed on 
the remaining second Group III nitride compound 
semiconductor layer and trenches such that the 
substrate base Is exposed so as to provide the bot- 
toms of the trenches; a second mask formation step 
In which second masks are formed at the bottoms 
of the trenches formed in the second trench/mesa 
formation step, such that the upper surfaces of the 
second masks are positioned below the top surface 
of the second Group ill nitride compound semicon- 
ductor layer; a second lateral epitaxial growth step 
In which a third Group III nitride compound semi- 
conductor layer is epitaxially grown, vertically and 
laterally, with top surfaces of the mesas and side- 
walls of the trenches serving as nuclei for crystal 
growth, the mesas and trenches being formed by 
etching of the second Group III nitride compound 
semiconductor layer, thereby filling spaces above 
the second masks and covering the mesas; a step 
of removing the first and second masks by wet etch- 
ing; and a step of removing the substrate base, to 
thereby produce a substrate comprising the second 
and third Group III nitride compound semiconductor 
layers. 

3. A method for fabricating a Group III nitride com- 
pound semiconductor substrate according to claim 
2, wherein the masks are formed of a substance ca- 
pable of Impeding epitaxial growth of a Group III ni- 
tride compound semiconductor layer on the masks. 

4. A method for fabricating a Group III nitride com- 
pound semiconductor substrate according to any 
one of claims 1 through 3, wherein virtually all the 
sidewalls of the trenches formed in the first and sec- 
ond trench/mesa formation steps are a {11-20} 
plane. 

5. A method for fabricating a Group III nitride com- 
pound semiconductor substrate according to any 
one of claims 1 through 4, wherein the first Group 
III nitride compound semiconductor layer and the 
second Group III nitride compound semiconductor 
layer have the same composition. 

6. A method for fabricating a Group III nitride com- 
pound semiconductor substrate according to any 
one of claims 1 through 5, wherein the second 
Group III nitride compound semiconductor layer 
and the third Group III nitride compound semicon- 
ductor layer have the same composition. 



12 




EP 1 278 233 A1 



7. A Group HI nitride compound semiconductor de- 
vice, which is formed on a Group It! nitride com- 
pound semiconductor substrate produced through 
a method for fabricating a Group ill nitride com- 
pound semiconductor substrate as recited in any ^ 
one of claims 1 through 6. 

8. A Group III nitride compound semiconductor light- 
emitting device, which is produced by laminating a 
different Group III nitride compound semiconductor io 
layer on a Group ill nitride compound semiconduc- 
tor substrate produced by a method for fabricating 

a Group ill nitride compound semiconductor sub- 
strate as recited in any one of claims 1 through 6. 
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